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(57) Abstract: A method of separating particles from particle laden 
air is described. The apparatus employed is a multiple stage separa- 
tor in which the first stage comprises a generally cylindrical chamber 
(18) having a hollow central member (50) extending axially from one 
end thereof with openings (53) in its wall remote from the said one 
end. The first separation step is achieved by introducing air tangen- 
tially into the chamber (18) near its said one end. the tangential entry 
in combination with an unapertured region of the wall of the central 
member (50) establishing a rotating mass of air in the chamber, thereby 
causing heavier than air particles to migrate to the outer regions of the 
chamber (18) under centrifugal force. Suction is applied to the interior 
of the central member (50) to cause an axial movement of air through 
the chamber before it can exit through the openings (53) in the wall 
of the central member (50). The suction force is selected such that 
particles near the walls of the chamber tend to continue in a generally 
rotational and axially progressive path into a particle collecting regions 
of the chamber (26). while relatively particle-free air is drawn radially 
inwardly, as it progresses axially, so as to exit to a second separation 
stage, through the openings in the central member wall. 
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Description CMrns 



Title: Improved AIR/PARTIDE separator FIELD OF THE INVENTION The invention 
concerns separators which separate one material from another based on their relative 
densities. In a domestic context a cyclone-based vacuum cleaner is a separator for separating 
dirt and dust particles from air. Similar devices are employed in industrial and commercial 
processes, in laboratories and in clinical and hospital environments for separating particulate 
material from fluids-normally air or gaseous mixture; particulate material from liquids; or 
one liquid from another. In particular, but not exclusively the invention is applicable to 
vacuum cleaners in which one or more cyclones are set up within the apparatus for the 
purpose of efficiently separating dust and dirt particles from an incoming airstream. 

Background to the invention Various designs of vacuum cleaner have been developed over 

the years. The conventional cleaner draws dust laden air through a cloth or paper container in 
which all particles larger than the pore size of the material forming the wall of the container, 
will be retained. 

Finer particles will pass through the porous wall and one or more filters are provided prior to 
the source of vacuum (usually an electrically powered motor driven fan or turbine), to trap 
these fine particles and prevent them being recirculated into the environment from which 
they have been removed by suction in the first place. 

These filters will eventually become clogged and have to be cleaned AND/OR replaced. 
Long before that stage is reached however, the partial clogging of the filter (s) will reduce 
OBJECTS of THE INVENTION It is an object of the present invention to provide an 
improved method and apparatus for separating fine particles from a flow of a gaseous 
mixture such as air, or a fluid, established by suction. 

It is a second object of the invention to provide a particle separation method and apparatus in 
which the particle removal from an airstream is such as to significantly extend the useful life 
of {HE FINAL filter normally provided before the suction producing device in a VACUUM 
cleaner. 

Defimtion In the following text and in the claims (except where the context does not admit) 
references to air are to be construed to mean any fluid whether gaseous or liquid and particles 
to mean any particulate or fibre like material which has a greater density than that of the 
fluid. 

Summary of the invention According to one aspect of the present invention in a method of 
separating particles from particle laden air by means of a multiple stage separator in which 
the first stage comprises &#xO;BR&#xO; &#xO;BR&#xO; &#xO;BR&#xO; A GENERALLY 
CYLINDRICAL CHAMBER HAVING A HOLLOW CENTRAL MEMBER EXTENDING 
FROM ONE END axially thereof and which includes openings in the wall of the central 
member remote from the said one end, the first stage separation is achieved by: 1) 
introducing air tangentially into the chamber near the said one end thereof, the tangential 
entry in combination with an unapertured region of the wall of the central member 
establishing a rotating mass of air in the chamber, thereby causing heavier than air particles 
to migrate to the outer regions of the chamber under centrifugal force; 2) establishing an 
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axial migration of the rotating mass of air by applying suction to the interior of the central 
member to cause an axial movement of air through the chamber before it can exit through the 
openings in the wall of the central member ; and 3) selecting the suction force such that 
particles near the walls of the chamber will tend to continue in a generally rotational and 
axially progressive path into a particle collecting region of the chamber, while relatively 
particle-free air will be drawn radially inwardly, as it progresses axially, so as to exit to a 
second separation stage, through the openings in the central member wall. 

According to another aspect of the present invention a multi-stage PARTICLE/ AIR separator 
separating particles from particle-laden air comprises : (1) a first stage comprising a 
cylindrical chamber, from one end of which internally extends a central hollow member 
having OPENINGS IN THE wall thereof remote from the said one end; (2) an air inlet in the 
chamber wall by which particle laden air enters the chamber tangentially near the said one 
end thereof ; (3) a second DUST/AIR separation stage to which air from the first stage 
chamber can pass via the openings in the wall and hollow interior of the central member ; (4) 
suction means for inducing air flow from the first stage to the second stage ; (5) a particle 
collecting region at the end of the chamber remote from the said one end, into which the 
particles migrate as a result of being separated from the air passing into the central member; 
(6) an unapertured part of the wall of the central member adjacent the said one end of the 
chamber defining an annular region in the chamber, adjacent the air inlet thereto ; and (7) the 
cylindrical region of the central member and the incoming tangential airstream combining to 
INITIATE a vortex within the chamber, so that incoming air is formed into a rotating mass of 
air in the chamber at the said one end thereof whereby centrifugal force causes heavier than 
air particles in the incoming air to migrate to the outer regions of the chamber, the suction 
causing axial migration of the rotating mass of air from the said one end of the chamber 
towards the other end thereof, and wherein the suction force being selected so that heavier 
than air particles will tend to remain in the radially outer regions of the chamber near the wall 
of the chamber as they progress rotationally and axially along the chamber towards the 
particle collecting region while relatively particle free air will migrate radially inwardly to 
exit through the openings in the wall of the central member. 

Preferably a skirt extends from the end of the central member beyond the region containing 
the openings in the wall thereof, to define a narrow annular gap between the skirt and the 
wall of the chamber, so that particles in the dust collecting region which due to turbulence 
may rise up in the region towards the central member, are prevented from reaching the 
openings therein unless they migrate radially outwardly to pass through the narrow annular 
gap against the flow of the incoming particles. 

Preferably an annular flange is provided around the central member between the unapertured 
and apertured regions of the wall thereof, so as to force the vortex of rotating air WITHIN the 
chamber away from the central member as it progresses along the chamber. 

Preferably particles separated IN A later separation stage are conveyed to a particle- 
collecting region via a passage extending through the central member of the first stage. 

Preferably the passage communicates with the particle collecting region, of the cylindrical 
chamber of the first stage via valve means which is closed during air flow through the 
apparatus, and is opened after air flow ceases to allow particles collected upstream of the 
valve to pass into the particle collecting region of the chamber of the first stage. The valve 
means may comprise a ball valve wherein the ball is lifted to close the valve by airflow 
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established through the apparatus by the suction effect. 

When the valve is closed, it is preferable that axial distance between the exit end of the 
passage in the central member and the ball is of the order of 52mm. 

The valve means may include a closure member which is held in an open condition by spring 
means. 

The closure member may comprise a poppet so as to reduce the axial length of the valve 
housing, and if so the poppet may include a flat plate which moves nearer to and further 
away from the exit end of the central passage as the poppet moves between its closed and 
open positions. In this ARRANGEMENT ME DISTANCE between the plate and the exit 
end of the central passage, when the valve is closed, is typically of the order of 4mm. 

The passage which conveys particles separated in a later separation stage through the central 
member may instead communicate with a particle collecting region, which is separate from 
the first stage particle collecting region, so that particles separated by the first stage are 
collected separately from particles separated by the later stage, of the multiple stage 
separator. 

In such an arrangement the separate particle collecting region may be formed by a tubular 
member extending centrally of the chamber from the lower end of the said central member 
towards and sealingly engaging with the far end of the chamber, so as to define with the wall 
of the far end of the chamber an annular region which comprises the particle collecting 
region of the first stage, and a separate inner region for collecting particles from the later 
stage. 

The tubular member may be separable from the end wall of the chamber. 

In any event, the cylindrical chamber may be formed in two parts, a first part comprising a 
CYLINDRICAL REGION SURROUNDING THE CENTRAL MEMBER AMD 
EXaeNDING AIALLY SUBRHNHALLY TO the same extent as the said central member, 
and a second part which can be sealingly joined to and in axial aUgnment with the first part 
to form an enclosure and which includes a closed end which is engaged by the free end of the 
tubular member to form the separate dust collecting chamber. 

In any of the apparatus arrangements so far envisaged, a passage conveniently extends 
through the central member from the openings in the wall thereof to an entrance in a second 
cylindrical chamber forming part of a second separation stage, through which air and any 
particles remaining therein pass from the first stage to the second stage enter. The second 
cylindrical chamber is of course located downstream of the first chamber and typically is 
SITUATED beyond the said one end of the first chamber, remote from the dust collecting 
region of the latter. 

Preferably the entrance in the second cylindrical chamber causes air to enter the chamber 
tangentially and this chamber includes a hollow central member which extends axially 
thereof over at least part of its length from the end thereof furthest from the first chamber. 

The free end of the hollow central member may include at least one opening therein to 
provide an outlet for air and any remaining particles to exit from the second chamber. 
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Alternatively the free end of the hollow central member is closed but the wall of the central 
member has apertures therein through which air and any remaining particles can exit from 
the said second chamber. 

The central member in the second chamber conveniently comprises a vortex initiator for air 
entering the second chamber. 

The entrance to the second chamber is preferably near the end thereof which is furthest from 
the fist chamber. 

A helical flange may be provided to protrude from the central member, thereby forcing 
circulating air in the second chamber to describe a helical path as it passes from one end of 
the chamber towards the other. The helical flange may comprise less than one complete turn, 
or one complete turn, more than one turn or a plurality of complete turns. 

A rotatable turbine may be located in the second chamber for rotation about the chamber 
axis, and the blades of the turbine are aligned relative to the entrance in the second chamber 
so that the incoming tangential airstream produces rotation thereof. The turbine may 
comprise at least two sections which are axially spaced with the blades of one section out of 
phase with the blades of the other. 

The turbine may be secured to the said hollow central member, and the latter is rotatable 
within the second chamber, and rotates with the turbine. 

The said second chamber preferably includes a first generally cylindrical region and a second 
region extending axially therefrom which is frusto conical and whose diameter progressively 
reduces from that of the cylindrical region in a direction away therefrom. 

The included angle of the cone of which the frusto conical surface forms part typically lies in 
the range 100-140 degrees, and is preferably 120 degrees. 

The second chamber preferably includes a third region, extending axially beyond the first 
frusto conical region, which is also FRUSTO conical, but in which the diameter 
progressively reduces more slowly with axial distance from the cylindrical region than does 
the diameter of the first frusto conical region. 

The apparatus may include a third separation stage, located downstream from the second 
stage, for separating out any particles remaining in the airstream which passes from the 
second stage to the third stage. 

Typically the central passage of the second stage communicates with the third stage to allow 
air to pass into the third stage from the second stage. 

Typically the third stage is also a generally cylindrical chamber, and conveniently air enters 
the third stage generally centrally of one end of the chamber and the third stage chamber 
includes a hollow central member, and a first outlet in the wall of the central member and a 
second ouder in the wall of the chamber. A deflector is preferably provided in the third stage 
to cause air entering the chamber to move radially outwardly so that any particles remaining 
in the air STREAM are radially displaced away from the centre of the chamber and axially 
away from the first outlet, in a direction to enter the second outlet. 



http://www.wipo.int/cgi-pct/guest/ifetch5?ENG+PCTI2C-ALL.vdb+14+l 1381 1 1-REVER... 1/19/2005 



Page 5 of 26 



The deflector conveniently comprises a conical lower end of the central member in the third 
stage, whose apex points towards the incoming airstream. 

A helix may extend around the central member to introduce rotational and axial movement of 
the airflow through the third stage. In that event the second outlet is conveniently located 
axially beyond the exit end of the helix. 

Irrespective of the features of the third stage chamber, the first outlet conveniently comprises 
a plurality of small openings in the wall of the central member in the third stage. 

In a preferred the third stage includes a hollow rotary central member, driven by the turbine 
in the second stage, for imparting rotational motion to the incoming air stream entering the 
third stage and thereby causing particles remaining in the air entering the third stage to 
migrate outwardly under centrifugal force, and a second outlet in the third stage is located so 
as to collect any such particles for return to an earlier separation stage, and a first outlet is 
located at the opposite end of the chamber from the end in which the incoming air enters, so 
that after being rotated the air has to change direction and move axially through the chamber 
before it can leave via the first outlet. 

Whether a rotary member is included or not, the second outlet preferably communicates via a 
passage with a second inlet in the wall of the second stage chamber, and preferably this 
second outlet in the second stage wall causes air entering the second stage chamber to do so 
tangentially of the chamber, and in the same direction as the air is already rotating in the 
second stage chamber. In practice it is found that the rotation of the air in the second chamber 
generates a suction effect at the second inlet (supplied with air from the third chamber), the 
suction effect being at least as great as, the suction effect at the said first outlet in the third 
stage. 

In all embodiments of the third stage an apertured sleeve or gauze preferably surrounds at 
least part of the central member in the third stage, to reduce the chance of particles which 
have been deflected therethrough from returning to leave the third stage via the first outlet. 

Level detection means may be provided in the or each particle collecting region, to initiate an 
alarm and/or cease operation of the suction producing device in the event that the particles 
collected therein exceed a given volume. 

In the accompanying drawings different embodiments of particle separation apparatus are 
illustrated, and will now be described, each incorporating one or more aspects of the present 
invention. 

In Fig 1 an electric motor driven fan or turbine 10 provides a source of suction at the upper 
end of passage 12 to draw air through the different stages of the apparatus, as will be 
described, from an inlet passage 14. 

In the case of a domestic or commercial vacuum cleaner 14 will be COLLECTED to a hose 
(not shown) having a dust collecting head of KNOWN design (not shown) at its far end. The 
last part of the hose may in known manner be rigid. 

In the case of a device for separating particles from air from apparatus such as in a laboratory 
or industrial or commercial environment, the inlet 14 will be connected to the enclosure from 



http://www.wipo.int/cgi-pct/guest/ifetch5?ENG+PCTI2C-ALL.vdb+14+l 13811 1-REVER... 1/19/2005 



Page 6 of 26 



which particle laden air is to be extracted. 

A filter 16 (which may be removable for cleaning or replacement) may be located 
immediately prior to the suction source 10, although in some embodiments this may be 
dispensed with in view of the very high efficiency of such embodiments at removing 
particles from the incoming air. 

The inlet passage 14 introduces air into the upper end 18 of a two part cylindrical chamber 
20,22, sealingly joined at 24 but separable to allow particles collected from the airstream to 
be emptied. 

Particles are collected from a first separation step (which occurs within 20,22) in the annular 
space 26 at the lower end of 22 formed by a central hollow frusto-conical housing 28 which 
extends centrally of 20,22 to sealingly engage around a circular platform 30 upstanding from 
the flat, closed end 32 of 22. The space within 28 serves as a second particle-collecting 
region, for retaining particles separated from the airflow by a second separation step (to be 
DESCRTOED). 

The upper end of 20 is closed at 34 but includes a central circular opening 36 through which 
a frusto-conical extension 38 of a second cylindrical chamber 40 can pass in a downward 
manner. An annular space 42 between the wall of the opening 36 and the extension 38 allows 
air to leave 20,22 and pass into an annular manifold 44 from which it can pass via a passage 
(shown dotted at 46) to an inlet port 48 at the upper end of the chamber 40. 

Inlet 48 introduces air into the interior of 40 in a tangential manner in a similar way to that in 
which 14 introduces air into the region at the upper end of 20,22. 

Centrally of 18, a collar SO extends axially down onto 20, the interior of the collar 
communicating with the opening 36 in the end 34 of 20. The collar is generally cylindrical 
and terminates in a part hemispherical dome 52 which extends down to and surrounds the 
frusto-conical extension 38, where it is sealingly joined at 54. A skirt 56 which is also 
generally part hemispherical and open at its lower end, extends from the join 54. 

The dome 52 is perforated by a large number of very small holes 53. The skirt is non- 
perforated. 

In operation, the incoming tangential rush of air through 18 sets up a rotating mass of air 
around 50 which can only exit via holes 53, which are axially displaced from the region into 
which the air is INTRODUCED. This causes the rotating mass of air to migrate axially as it 
rotates, so setting up a so-called vortex flow within 20,22 and heavier than air particles will 
be Bung towards the cylindrical wall of the chamber 20. The particles will axially migrate 
with the vortex and once in a downwardly spiraling trajectory will tend to continue in that 
manner axially down the chamber 20,22 through the annular gap between the skirt 56 and the 
interior of 22. 

Once the particles are below the skirt 56, there is little tendency for mem to migrate back up 
the chamber, even if turbulence exists below the skirt, and they will tend to congregate in the 
annular region 26. 

Thus although air entering at 18 may be laden with heavier than air particles (dust, hairs, grit 
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and the like in the case of a vacuum cleaner), muck of these particles will be separated from 
the air before it passes through the openings 53 in the inverted dome structure 52. 

Therefore the air passing up through 42 and via 44,46 and 48 into the upper end of the 
second separation stage, will be substantially depleted of particles, relative to that entering at 
14. 

As mentioned earlier, suction is applied to the upper end of passage 12, which is formed by a 
hollow generally cylindrical housing 58 which extends axially of the cylindrical chamber 40 
TO TERMINATE near its lower end. 

The lower end of housing 58 is closed at 60 but around that closed end, the wall of 58 is 
perforated with a large number of small holes 62, so that suction applied at 12 will cause air 
from within 40 to be sucked into the interior of 58 to pass AXIALLY THERETHROUGH in 
an upward sense. 

This suction causes air to be drawn in through 48 from 44 so establishing the airflow through 
the chambers and passage 46, from inlet 14 to the suction device 10. The latter includes an 
outlet through which air, removed from the apparatus can exit to the atmosphere. 

The external surface of the upper end of housing 58 is frusto-conical, and in combination 
with the tangential flow of air, creates a rotating mass of air around the housing 58, which, 
since it must pass axially down the housing 40 before it can leave via holes 62, becomes a 
vortex which accelerates as it reaches the lower end of the cylindrical region of 40 due to a 
sudden FIMSTO-COMCAL reduction in the internal cross-section of 40, as denoted by 64. 
The acceleration increases the centrifugal forces on any heavier than air particles relative to 
the air molecules, so causing any such particles to carry on spiraling downwardly 
accelerating as they do due to the frusto-conical cross-section of the interior of extension 38 
of the chamber 40. 

The particles spiral down into the interior 66 of the housing 28, where they tend to REMAIN. 

If the airflow through 40 is high enough, the rotating and axially descending vortex of air 
may substantially bypass the openings 62 in the wall of 58 and continue to spiral downwards 
carrying the particles in the spiralling airstream. At some point the effect of the closed end 30 
and the enlarging cross-section of housing 28 will cause the rotating mass of O INVERT and 
begin ascending centrally of the downward spiral of air passing through 38 and 28, but in 
order to do so, the sudden deceleration and acceleration of the air molecules as they change 
direction, will in general be too sudden to allow heavier THAN, air particles present in the 
AIR AM, TO follow the same tortuous path as the air does, and such particles will become 
separated from me airstream and remain trapped in 28. 

The two stages of separation so achieved, result in substantially all heavier than air particles 
remaining in 26 or 28 and largely particle-free air passing out through 12 and 10. 

An improved separation can be achieved in the first stage by providing an annular flange 68 
around the collar 50 at the junction between the perforated and unperforated wall sections. 
This serves to accelerate the rotating mass of air just before it reaches the perforated region 
52, thereby forcing any heavier than air particles to migrate radially even further from the 
collar. 
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The effect is further enhanced by extending the periphery of the flange 68 in an axial manner 
to form a cylindrical lip 70 which-ends in the direction of movement of the vortex in the 
chamber 20, 22. 

Typically the diameter of the collar 50 is in the range of 5-8 cm and the radial extent of the 
flange will be if the order of LOM and the lip can extend AXIALLY from the flange by a 
similar distance of the order of LCM. 

The separator may be used to separate particles from air which also contains liquid droplets 
such as water. The presence of the flange 68 and lip 70 reduces the risk of liquid droplets 
from being entrained in the air exiting via holes 52, since they, like any heavier than air 
particles, will be forced to adopt a high rotational speed to pass around flange 68 and will 
therefore be even further removed by centrifugal force from the inner regions of the chamber 
20,22. 

Fig 2 illustrates an alternative 2-stage separator in which air flow is established in a similar 
way as in Fig 1 from inlet 14 to suction device 10, and the same reference numerals are 
employed to denote parts which are common to the two arrangements. 

The main operational difference is the shortening of the length of housing 58 and the removal 
of-the closed end 60 and apertures 62. The lower end of 58 is now open at 59. 

Secondly the frusto-conical extension 38 of housing 40 now converges more sharply to 
define a small diameter neck 39 below which the extension reverses the frusto-conical 
configuration to form a trumpet-like end 41 which terminates in a cylindrical region 43. 

From below 43 (although not shown as such) the 2-BIN CONFIGURATION OF HG I MAY 
BE employed, so that particles from 43 drop into a region 66 and those from around the skirt 
56 into an annular region 26. As shown, a single bin or valve may be employed. Thus as 
shown, the lower end of 43 is formed as a cage 45 for a light weight ball 47, which when 
airflow is established, is drawn up to close off the lower end of 43 (as shown in dotted 
OUDINE), the junction between 43 and 45 being of reduced diameter to form a valve 
seating. The lower end of 45 is partially obstructed to retain the ball. 

A MICROSWITCH 72 IS ALSO shown in Fig 2 having an actuator arm 74, such that when 
particulate material in the chamber 20,22 becomes high enough to lift the arm 74, the switch 
is operated and an alarm is initiated (audible or visible or BOTH), (not shown) AND/OR 
power to the suction source 10 (e. G. current to the fan motor) is cut off to prevent 
FURTHER operation until the chamber 20,22 has been emptied. 

The level detecting switch may be fitted to the Fig 1 embodiment if desired, and one may be 
located in the space 66 and another in the space 26, or one in the space that, from experience, 
always fills up first. In general this will be the annular region 26. 

Better separation in the chamber 40 is achieved if the housing 58 is extended and tapered to 
protrude into the upper end of 38 as shown at 58*in Fig 2A. 

Fig 3 illustrates a further alternative 2-stage separator similar to Fig 1 (and to that end the 
same reference numerals have been employed as appropriate), in which a valve has been 
incorporated, as in Fig 2, but in which a different type of valve is shown from that shown in 
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Fig 2. The valve is shown in more detail in Fig 4, and comprises a conical poppet 74 at the 
lower end of a spindle 76 at the upper end of which is a cup 78. A valve seating 80 retains an 
0-RING 82 against which the conical surface of the poppet 74 is forced, to close the valve 
once airflow has been established through the apparatus. The spindle 76 extends through the 
poppet and is SLIDINGLY received in a guide 82 in a cross member 84 which extends 
across the open lower end of the housing 45. The cross member 84 and guide 82 are shown 
in the scrap view of Fig 4A. 

Particles can pass down through the open end of tube 38 during operation, and remain above 
the poppet 74 until airflow ceases, whereupon the poppet drops and particles can fall past the 
conical surface of the poppet and around the cross member 84, into the conmion bin 22. 

A spring (not shown) may be fitted between the conical surface 74 and the upper end of the 
enclosure 86, (or between the cup 78 and the end 86) so that as soon as airflow drops, the 
poppet valve opens under the action of the spring. 

Fig 5 shows an arrangement that is similar to that of Fig 1 (and similar reference numerals 
have been employed throughout to denote similar components). Particles are collected in two 
bins as in Fig 1, so there is no need for a valve such as shown in Figs 2 to 4, although it is to 
be understood that mixing of the separated particles in bin 66 with air circulating in the 
FIUSTO-CONICAL VORTEX SEPARATION stage 38 is better prevented if a valve were to 
be provided between 38 and 66. 

The main difference between Figs 5 and 1 is the provision of a helical baffle 88 around the 
central hollow member 58 in the second separation stage housed in chamber 40. This 
prevents air entering the chamber 40 from passing in a straight line to the openings 62 at the 
lower end of 58 and forces the airstream to continue to describe a circular route (albeit while 
progressing axially via the turns of the helix). This introduces centrifugal forces on the 
rotating air mass and thereby on heavier than air particles in that airstream, which will 
therefore migrate to the radially outer regions of the helical path followed by the airstream, 
and will be less likely to be caught up in the radially inward flow of air through the openings 
62 to enable it to exit the chamber under the suction force from 10. 

Fig 6 shows a variation on Fig 2 in which the lower end 60 of tube 58 (in the second stage) is 
closed off and the exit for the air from the chamber 40 is provided by a large number of small 
openings 62 in the wall of the tube, as provided in the embodiment shown in Figs 1 and 5. 
The arrangement benefits from the simplicity of the single particle collecting bin but 
therefore requires the addition of a valve as described in relation to Fig 2 and a level sensing 
MICROSWITCH 72 is also shown associated with the bin. 

Fig 7 shows how the helical baffle of Fig 5 can be combined with the simplicity of the single 
bin and the improved second stage separation associated with the necked frusto- conical 
vortex separation chamber 38,41 described in relation to Fig 2, to achieve a further overall 
improvement in particle separation for a given airflow and PARTCIEL size distribution. As 
before items which are common to earlier embodiments are identified by the same reference 
numerals as have been employed in earlier figures. 

Figs 8 and 9 show how the designs of Figs 6 and 7 respectively can be modified to further 
improve separation in the second stage. In each case the stationary tube 58 is replaced by a 
rotatable tube 90 supported for rotation about its central axis by a bearing 92 in the upper end 
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wall of the housing 40. Situated in general alignment with me air inlet 48 and fixed to the 
tube 90 is a two element turbine 94,96 (although it is to be understood that a single turbine 
element such as 94 or 96 may be used in place of the two element arrangement). 

Where two elements are employed the one is mounted with its blades out of phase relative to 
those in the other, so as to effectively double the number of turbine blades on which the 
incoming airstream acts. This increases the speed of rotation. 

Being attached to 90, the rotation of the turbine (s) causes 90 to rotate. Air entering the 
chamber is also forced to rotate with the turbine (s) before it can begin its passage down the 
interior of chamber 40 to exit via openings 62 in the wall of the tube 90. The rotation of the 
tube 90 will also help to keep air near the surface of the tube rotating in a similar manner, so 
that centrifugal forces will be active in heavier than air particles in the suction induced 
airflow through the chamber 40 as the latter migrates down the chamber. 

This in turn assists in separating remaining in the airstream, from the air, which latter 
changes direction near the bottom of the chamber to exit, virtually particle-free, through the 
openings 62. Separated particles continue to rotate around the chamber close to the wall 
thereof, until they are accelerated by the radially reducing regions of 64 and 38 where they 
progress through via the valve arrangement into the conmion bin 22, as previously described. 

The arrangement of Fig 9 differs from that of Fig 8 by the inclusion of the helical baffle 88 
which is attached to the rotatable tube 90 similarly to the manner in which it is attached to 
the stationary tube 58. However, as the tube 90 rotates the helical baffle will similarly rotate 
and perform somewhat like a screw-conveyor and continue to rotate as well as axially move 
the incoming air and particles through the chamber 40. 

In practice the separation efficiency of the Fig 9 embodiment is somewhat better than that of 
the Fig 8 embodiment. 

Although not shown a level-sensing switch such as 72,74 can also be employed in the 
arrangement shown in Figs 5, 6,8 or 9. 

Fig 8 also demonstrates diagrammatically how the necked form of vortex tube such as shown 
in Fig 2 may be used in place of the simple frusto-conical tube shown in Fig 1, and it is to be 
understood that either form of tube may be employed in the second stage of any of the 
different embodiments shown in the drawings. 

A further improvement in separation efficiency, but which does not involve rotating parts, is 
shown in Fig 10. This embodiment incorporates a third separation stage in an extension 92 of 
the chamber 40. This arrangement is based on the arrangement shown in Fig 7 in which the 
central hollow tube 58 extends axially of the chamber 40 and carries a helical baffle 88. The 
upper end of the chamber 40 is closed by a wall 94 from which the tube 58 extends, the wall 
being apertured to conmiunicate with the interior of the tube 58, so that (AS IN Fig 7) air 
entering 58 can pass axially up the interior 12 to enter the suction producing device 10. 

In the Fig 10 embodiment, the airflow leaving the upper end of the tube 58 now enters the 
chamber 96 (within the extension 92) and centrally of the chamber extends an elongate 
cylindrical member 98 the lower end of which is conically shaped at 100 with the apex of the 
cone pointing towards the incoming airflow from 58. The angle of the cone and the diameter 
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of 98 are selected so as to cause the incoming air to be radially deflected so that any heavier 
than air particles in the airflow will tend to be displaced radially outwardly as well. 

Around the member 98 is a helical baffle 102, which as shown is oppositely handed relative 
to the baffle 88. 

The suction source 10 communicates with the upper end of chamber 96 via opening 104 so 
that air entering 96 from 58 in general has to pass up the helical path defined by the helical 
baffle 102, before it can exit via 104 to 10. In so doing, the rotation imparted to the ascending 
mass of air will cause heavier than air particles to migrate to the radially outer regions of the 
turns of the helix. 

Surrounding the helix is a cylindrical shroud 106 having a large number of small openings 
108 through which air and particles can pass into the annular region 1 10 between the shroud 
106 and the inside surface of the wall of the chamber 92. 

A return path for particle bearing air from this annular space is provided via a passage 1 12 to 
exit, tangentially into the upper region of the chamber 40 generally opposite the tangential 
entrance 48 by which particle bearing air from the first stage enters, the airflow 
&#xO;BR&#xO; &#xO;BR&#xO; &#xO;BR&#xO; FROM 1 12 ENTERING THE ROTATING 
AIR FLOW (CREATED BY THE INFLOW THROUGH 48) IN THE SAME direction as it 
is rotating in 40. 

Particles which pass through the holes 108 will tend not to return through them, so that once 
separated from the rotating airstream in the helix within the shroud, the particles will tend to 
migrate via passage 1 12 to mix with the PARTICLES AT THE top of 40, where they will 
tend to be separated by the action of the vortex established in 40 as previously described. 

The central member 98 is secured to the HELIX 102, which in turn is secured within the 
shroud 106, which in turn is secured at opposite ends to the top and bottom of the extension 
92. 

Figs 11, 12 and 13 show how turbine arrangements of Pigs 8 and 9 can be modified to supply 
air and any remaining particles to a third stage separation unit which may be similar to what 
is shown in Fig 10, or may be a simple cavity 114 having a return path 1 12 as described in 
relation to Fig 10 with a central hollow deflecting collector 116 comprising a cylindrical 
shell 118 having a large number of small openings in the wall thereof and a conical closed 
lower end 120 which acts in the same way s the conical lower end 100 of the central member 
98 in Fig 10. 

In Figs 11-13 the perforated hemispherical shell 52 of the previous embodiments is now 
shown as a hollow frusto-conical shell 52'also formed with perforations 53 through which air 
and small particles can pass. In common with the hemispherical shell 52, the size of the 
openings formed by the perforations in the shell wall is selected so as to generally impede 
particles, greater than a given size, to prevent them from passing into region 44. The larger 
particles are collected in the bin 22 (in the case of a single bin arrangement such as Fig 10) 
and in the outer region 26 of a 2 bin arrangement such as shown in Fig 1. 

The shell 52*is shown cut-away to reveal the lower end of 38 in the same way as the 
hemispherical shell 52 in the earlier figures. 
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As shown in Fig 1 1, the lower part 122 of tubular member 58 may be separate from, so as not 
to rotate with, the upper end to which the turbine sections are attached, and may be supported 
in place by a circular plate 124 having AN OPE>fING 126 therein (see the scrap plan view of 
Fig 11 A). 

Fig 13 shows how a radial and circular motion can be imparted to the airflow entering 96 by 
a hollow cap 128 attached to the upper end of the tube 58, so as to rotate therewith. 

The wall of the cap is APERTURED by means of a plurality of windows, such as shown at 
130. 

As the cap spins around its axis air leaves the windows with radial and rotational motion in 
the direction in which the cap spins. 

A cylindrical shroud 132 which is stationary and extends from top to bottom of the chamber 
114 includes a large number of openings such as 134 through which particles and air can 
pass. In order to pass to the suction source 10, the air has to reverse direction beyond the 
shroud and return via other of the openings 134, to allow it to pass via the central opening in 
the upper end of chamber 114 and through passage 136 to suction source 10. In so doing any 
heavier than air particles will tend to be left outside the shroud to be gathered up in the 
airflow returning to the second stage via passage 112. 

The use of the rotating cap 128 obviates the need for the shell 1 18 of Figs 1 1 and 12. 

In the case of the Fig 11,12 AND 13 embodiments, the passage 1 12 and the ports by which it 
communicates with 114 and 40 are typically 32mm diameter, the angle of the cone 120 
(where employed) is 160°, the diameter of the holes 62 are in the range 2-2.5 mm, the gap 
between closed end 60 and the FRUSTO-CONICAL SURFACE 64 is in the range 3MM to 
18MM, and will depend on the diameter of the chamber 40, which typically lies in the range 
65- 80 diameter. The gap referred to, and the necking of the tube 38 both resist back flow of 
the secondary vortex, and the diameter of the necked region is in the range 10mm to 18MM. 

Although as shown in Fig 13 the holes 108 are shown as extending only over the lower part 
of the shroud 106, they may be (and preferably are) provided over most or all of the wall of 
the shroud as depicted in Fig 10, so that any air which is sucked in an axial and radial sense, 
due to the suction at 136, will not tend to pass back through holes which register with the 
windows 130 in 128, but will tend to migrate inwardly through holes nearer the upper end of 
the shroud. 

It is to be understood that the two-bin collector of Fig 1 (with or without a valve or other 
device resisting mixing of particles in the inner bin with air in the descending or ascending 
vortex in 38) may be employed in conjunction with any of the second AND/OR mild stage 
shown in Figs 2 to 13. 

It is also to be understood that a particle level detector and switch such as shown in Fig 2 
may be employed in any of the shown in any of the Figs (including Fig 1) for the purpose of 
at least alerting the user to the fact that the bin (or one of two bins) is full and needs to be 
emptied-if not also interrupting the power to the suction source. 

It is also to be understood that the single bin and valve arrangement of Fig 2 may be 
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employed with any of the second and/or third stage separators shown in any of the figures in 
the drawings. 

The shown in the figures hitherto all relate to an upright vacuum powered air/particle 
separator, such as an upright vacuum cleaner. To reduce the overall height of such a device 
one or more of the 2TD and 3'stages may be angled relative to the first stage such as shown 
in Figs 14 to 17. In all other regards they operate in just the same way as if the stages were 
mounted vertically one above the other. The opportunity has been taken to ILLUSTRATE 
FZU THER VARIATIONS on the make up of the second and third stages previously shown 
in earlier figures. 

Fig 14 corresponds to the Fig 2 arrangement, as modified by Fig 2 A, in which the end of the 
vortex tube 58 is bent around so as to enter the open end of the frusto-conical region 38. 

Fig 15 corresponds to Fig 1 1 in so far as air and particles remaining near the wall of the third 
chamber will tend to return via a path 112 due to the depression at the other end of path 112 
caused by the rotating mass of air in the second stage. However Fig 15 shows that the turbine 
of Fig 11 may be omitted. Fig 16 corresponds to Fig 12 in that a helix is provided in the 
second stage (albeit stationary) and no turbine is provided in the second stage. 

In Figs 14 to 16 the perforated shell 52"IS shown of cylindrical configuration as distinct from 
the hemispherical and frusto-conical configurations in earlier figures. 

Figs 17 and 17 A correspond to Figs 13 and 13 A. 

Although the valve shown in each of Figs 2 and 6 to 17 is a ball valve, it may be replaced by 
the valve shown in Figs 3 and 4, and this may be to advantage in the case of embodiments 
such as shown in Figs 14-17 in that the movement of the valve closure member may no 
longer be 100% vertical and a spring which is compressed when the valve is closed, to assist 
in opening the valve when airflow ceases, may be desirable. 

It is of course to be understood that a spring may be incorporated in the ball valve design 
(although not shown) to make the opening of such a valve more positive, whether in a 
vertically arranged apparatus or in a non-vertical arrangement as shown in Figs 14 to 17. 

In Figs 14 to 17 the reference numerals identify items in conmion with earlier figures. 

Figure 18 illustrates another embodiment of cyclone vacuum cleaner (separator) of the type 
to which the present invention can be applied. 

As shown in Fig 18, the device comprises a suction inlet 210 which can be connected to a 
hose and dust collecting wand, or to a rotating brush assembly such as is located in the base 
of a domestic or industrial upright vacuum cleaner. The suction inlet enters tangentially a 
cylindrical enclosure generally designated 212 and the upper end of a dust and dirt collecting 
drum 214. The lower part 214 is typically a push-bit at 216 to the upper region 212 and 
includes a handle 218. When full, the drum 214 is detached from the upper end 212, and 
emptied. The push-fit must provide a good sealing joint between 212 and 214 or a separate 
ring seal must be included. 

The tangential entrance of the air stream causes the incoming air to circulate around the 
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interior of the cylindrical region 212 and because of the higher mass of dust particles relative 
to air particles, the dust and dirt entrained in the air stream tends to migrate to the outer ends 
of the rotating air stream and fall into the drum 214 whilst relatively dust free air tends to 
spiral inwardly to eventually pass through the plurality of openings such as 220 in the 
hemispherical dish generally designated 222 located axially centrally of the cylindrical 
region 212. 

After passing through the holes 220, the air rises into the upper cylindrical cavity 224 from 
which it exits via port 226 and is conveyed to the inlet port 228 at the upper end of a conical 
chamber 230 in which the second stage of separation occurs. 

The upper end 232 of the conical housing 230 is itself cylindrical and the entrance 228 
communicates tangentially with that cylindrical region in the same way as inlet 210 
communicates with the cylindrical region 212. 

It will be appreciated that as the height of dust and particles in the drum 214 begins to rise, 
there could be a tendency for the rotating air stream in the region 212 to draw dust and 
particles from the heap in the bottom of drum 214, back into the air stream from which they 
have been separated by the centrifugal force in the upper cylindrical region 212. To reduce 
this tendency, a hemispherical baffle 234 is provided so that only a narrow annular region 
236 exists through which the particles and dust can fall from the rotating air stream in the 
region 212, into the drum 214. The baffle 234 serves to separate the rotating air stream in the 
region 212 from the dust and particle content of the drum 214, and reduces the risk of the 
dust and particles in 14 becoming entrained in the rotating air stream in 212. 

The hemispherical surface 222 merges into the oppositely curved hemispherical surface of 
the baffle 234 where they are both joined to the lower end of the conical housing 230. 

The latter therefore provides the central support for the baffle 234 and for the hemispherical 
surface 222 containing the exit apertures 220. 

It will be appreciated that the presence of the lower end of the conical housing 230 penetrates 
and therefore renders incomplete, the two hemispherical surfaces 222 and 234. 

Within the upper cylindrical region 232 is located a turbine shown designated 238 carried by 
a central hollow axle 240, the lower end of which is formed with a frusto-conical surface 242 
which serves as a cyclone starter for the conical chamber 230. 

Air entering the cylindrical region 232 via port 228 causes the turbine to rotate and the 
rotating air stream set up by the tangential entrance of port 228 into the cylindrical region 32 
causes a downwardly spi cyclone in manner KNOWN per se. Dust and particles entrained in 
the spiraling air stream tend to be deposited at the lower end of the conical chamber 230 
where they pass through a circular opening 244 into a secondary collecting bin 246 after first 
circulating around a helical baffle 248 at the upper end of the secondary bin 246. 

The latter is also conical in configuration and is complementary to the conical housing 230. 

The interior of the conical secondary bin 250 serves to collect dust and particles separated by 
the cyclone established in the conical chamber 230 but it will be seen that the wall of the 
secondary bin 246 separates the interior 250 from the annular region 252 within which the 
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separated dust and particle content from the primary air stream bin 212, are collected. 

The centre of the helix 48 presents a flat circular end 254 a short distance below the 
cylindrical passage 244 leading from the end of the conical chamber 230, and typically the 
DIAMETER OF 244 is of the order of lOMM and the distance between the open end of 244 
and the plate 254 is of the order of a few millimetres. The downwardly ascending spiral of air 
within 230, reverses near the lower end 230 to form an upward spiraling central cyclone (not 
shown) which moves in the general direction of the arrow 256 to pass into and through the 
hollow interior 258 of the axle 240, AND to enter a cylindrical region above the cylindrical 
region 232 housing the turbine 238. The passage from 258 into 260 is through windows such 
as 262 IN A FRUSTO-CONICAL SHAPED spinner 263 which is mounted on the axle 240 
so as to rotate with the turbine 238. Upper and lower walls of the spinner 264 and 266 
respectively are closed, so that air passing into the central region of the spinner 263 can only 
exit through the windows such as 262. Radially extending flanges such as 265 located 
between the windows, impart rotation to the exiting air stream as it enters cylindrical region 
260, and the air spirals upwardly through the chamber 260 further assisted by a rotating helix 
268 mounted on a second horizontal axle 270 which rotates with the spinner 263. 

Air from 258 cannot pass axially into the interior 278 of the second hollow axle 270, but has 
to pass through the windows 262 and after circulating around chamber 260, can either pass 
into the interior 278 of the upper axle 270 via holes such as 280 in the wall of the upper axle 
or can leave the chamber 260 via exit 282 to re-enter the air stream below the spinner 263 via 
an inlet port 284 located in the cylindrical region 232 at the upper end of the conical cyclone 
chamber 230. The port 284, like entrance port 228, merges with the &#xO;BR&#xO; 
&#xO;BR&#xO; &#xO;BR&#xO; &#xO;BR&#xO; CYLINDRICAL REGION 232 IN A 
TANGENTIAL SENSE SO THAT INCOMING AIR FROM 282 WILL CIRCULATE 
around the cylindrical region 232 and further assist in rotating the turbine 238 and will merge 
with the incoming air stream via 228, to traverse the conical chamber 230 once again before 
proceeding up the centre of 230 as previously described and enter the region 258. 

Because of the way in which air is collected from the upper chamber 260 via the port 282, 
any air leaving via port 282 will preferentially include any dust or heavier than air particles 
relative to that near the centre of chamber 260 and therefore the return path to 284 will tend 
to include dust and particles which have not been separated by the final separation stage in 
the region 260, whereas air entering the region 278 via the holes 280 will tend to be free of 
dust and particles. 

Although not shown in detail, 278 communicates with a suction device 279 such as a fan or 
turbine driven by an electric motor or the like, the action of which is to draw air in the 
direction of the arrow 274 from the apparatus shown in the rest of the draw. It is this suction 
effect created by the rotating fan or turbine (not shown) which establishes the incoming air 
stream at 210 and the general flow of air through the apparatus as previously described. 

It has been found that apparatus such as shown in Figure 18 can operate at a very high 
efficiency of separation so that very little dust and particle content is left in the air flow 
leaving 278, and it has been found possible to dispense with the filter which is normally 
located at such a position in the vacuum cleaning apparatus just prior to the vacuum inducing 
fan or turbine. The presence of any such filter substantially reduces the air flow and therefore 
suction effect created by the fan AND/OR turbine, and by not having to include such a filer, 
the air flow through the apparatus, and therefore the air speeds within the various rotating air 
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streams and cyclone is increased, and the separation efficiency enhanced. 

Since the hollow axle 270 rotates with the spinner 263, and it is not desirable for the wall 286 
to rotate, a rotational seal 288 is required between the rotating portion 270 and the stationary 
portion 286. This may for example comprise complementary chamfered end surfaces 
between the two cylindrical walls with bearing material at 290 and 292 as shown in Figure 
18a. 

Although described as a single turbine, 238 may be formed from two similar turbine blade 
assemblies each occupying half the axial length of the turbine 238 as shown, and each 
secured on the axle 240 with the blades of one turbine staggered by half the pitch of the 
blades of the other turbine so as to effectively double the number of blades of the turbine and 
therefore increase its efficiency. 

Figure 18b is a cross-section view through the cylindrical region 212 of Figure 18, and shows 
the tangential inlet 210 and the cylindrical form of the wall of the conical chamber 230 where 
it is sectioned, the small orifice at the lower end of the chamber 230, and the 
INTERMEDIATE CYLINDRICAL OUTLINE of the wall 22 where the hemispherical 
surface 222 is cut by the cross-section. 

Figure 18c is a cross-section through CC in Figure 18, and shows how the exit port 226 
conmiunicates with the cylindrical region 224 and further assists in keeping the air mass 
rotating as it exits into the region 224 by virtue of the tangential exit 226 therefrom. 

Figure 18D is a cross-section on DD in Figure 18, and shows one arrangement of inlet port 
228 and return port 284 in the region of the turbine 238. 

Figure 18e is similar to Figure 18d, but shows alternate positions for ports2 28 and 284 if 
desired. 

The important criterion is that a rotating air mass in 232 set up as air enters at 228 will tend 
to swirl past port 284 and continue in this circular morion around 232, rather than enter 284. 
In the same way, air RE-INTRODUCED into 232 via 284 will likewise be swept into the 
rotating airstream induced by air entering by 228, and there will be no tendency for the air to 
enter the port 28 during its rotational movement within 232. 

For clarity, the turbine blades are not shown in Figures 18d and 18e, but instead the turbine is 
shown in Figure 18f. This shows hollow axle 240, central region 258 and eight curved 
turbine blades of which one is designated 241, As shown in Figure 18F, the turbine is viewed 
from above, since it will be appreciated that air entering region 232 should be directed 
against the surface 243 of the blade 241 (and the corresponding surface of each of the other 
blades) to induce rotation of the turbine. Where two turbines are mounted on the axle 240, 
each is of the same configuration as shown in Figure 18f, but of half the axial depth of 238, 
so that the two will fit within the same axial space, and are mounted so that when viewed 
axially, the blades of one turbine will be seen to occupy the spaces between the blades of the 
other. The blades of the second turbine if fitted, are shown in dotted oudine in Figure 18f, 
and one of these is denoted by reference numeral 245. 

Figure 18g is a cross-section through Figure 18 on line GG and shows the exit port 282 
tangentially with the cylindrical interior 260 and the cylindrical wall 270 of the hollow axle 
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on which the helix 268 is mounted, the upper end of which is shown at 269. 

It will be appreciated that the helix is a relatively close fit within the cylindrical housing 
defining the chamber 260. 

Although not shown in the drawing, it has been found advantageous for the openings 280 in 
the wall 270 to start a short distance after the beginning of the helix at the lower end 270 and 
to terminate a short distance prior to the end of the last turn of the helix at the upper end of 
270. 

Typically the apertures 280 are circular and have a diameter of 1. 7mm and approximately 
1200 such holes are formed in the wall 270. 

Typically the helix has an angle in the range 2 to 10°, typically 4°. 

Figure 19 shows a modification to the lower end of the conical cyclone separation tube 230. 
The lower end terminates in chamber 231 instead of the cylindrical nozzle 244 of Figure 18, 
and within the housing 231 is located a helix corresponding to item 248 of Figure 18. 

The gap between the upper surface 24 of the central region of the helix 240 and the lower end 
of the conical tube 230 is selected so as to achieve the desired objectives, namely free ingress 
of dust and particles in the direction of the arrows 233 and 235 into the helix and thereafter 
into the lower region of the chamber 231, but minimal transfer of dust or particles in the 
reverse direction. 

A cage 239 extends below the chamber 231 arranged symmetrically relative to the valve seat 
formed by the seal 237. Within the cage is a ball 241 which can cooperate with the valve seat 
seal 237 to close the opening into the chamber 231. The density of the ball is selected so that 
a rising air stream passing in an upward sense through the cage into the chamber 231 will 
cause the ball to lift and become a valve closure member as it seals against the lip seal 237. 

The cage includes a base 243 the internal upper face of which is formed as a shallow pyramid 
at 245 to space the ball from the base of the cage when air flow is zero, and the ball can fall 
under gravity to leave the opening defined by the valve seat seal 237, open. 

When the Figure 18 apparatus is modified as shown in Figure 19, the secondary bin 246 can 
be dispensed with. The whole of the drum 214 is now available for storing any dust and 
particles collected by the separation process whether in the primary separation stage in the 
cylindrical region 212 or in the secondary stage caused by the reverse cyclone effect within 
the conical housing 230. 

The Figure 19 arrangement enables this since as soon as air flow is established in the 
apparatus, some of the air entering at 10 will divert into the lower part of the drum 214 and 
rise up through the cage 239, the opening defined by the valve seat 237, through the helix 
248 and into the conical housing 230. However air flow will lift the ball 241 into engagement 
with the seal 237 (as shown in dotted outline) to close the opening at the lower end of the 
chamber 231 and thereafter the apparatus will operate substantially as described with 
reference to Figure 18. The chief difference is that particles and dust separated by the cyclone 
effect in the conical housing 230 will now leave in the direction of the arrows 233 and 235 
and after traversing the helix 248 remain in the small chamber 231. When the air flow ceases 
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as at the end of a cleaning session, the ball 241 immediately drops to its lower position from 
the one shown in dotted outline in Figure 19, and any dust and dirt PARTICLES IN THE 
chamber 231 will fall through the opening around the ball, and out through the openings in 
the cage 239, to join the rest of the dust, dirt particles collected within the main drum 214. 

Whenever the apparatus is powered up again, air flow is once again established, and the 
process is repeated, with the initial closing of the opening by the engagement of the ball 241 
with the seal 237, and the collection of dust and dirt particles in chamber 23 L When the 
apparatus is again powered down, dust and dirt particles collected in 231 WILL AGAIN 
leave the chamber via the now open valve seating and join the rest of the dust and dirt 
particles in the main drum 214. 

The ball 241 and seal 237 therefore represent a one-way valve which, in combination with 
the helix 248, prevents dust and dirt particles from entering the lower end of the conical 
housing 230 when air flow is established. This effectively creates a secondary bin for the dust 
and particles collected from the secondary separation which occurs in the conical housing 
230, until it is opportune to mix the dirt particles and dust collected therein with those in the 
remainder of the drum 214. 

Figure 20 illustrates an alternative cyclone separation apparatus also incorporating the 
features associated with the primary separation stage and dust collecting bin 214. THUS dust 
laden air entering at 210 is as before, caused to move in a circular path within region 212. 
Dust particles tend to fall towards the bottom of the bin 214 and air with substantially less 
dust particles contained within it passes through the small holes 220 and into the manifold 
region thereabove to exit via 226. 

In the arrangement shown in Figure 20, the now dust depleted air flow passes into the upper 
end of mediate chamber 290 via inlet port 292. As with inlet port 220, inlet port 292 is 
tangential to the generally circular cross-section of the chamber 290 and as before, the 
incoming air is caused to follow a rotational path which since there is no exit in the upper 
region of the chamber 290, begins to travel down a helical path defined by a helix 294 which 
is a close fit within the chamber 290, around the central hollow stem 296. 

Air flow out of the chamber 290 is via a large number of very small holes formed in the wall 
of the hollow stem 296. The latter communicates with an upper chamber 298 within which is 
located another helix 300 the purpose of which will be described later. 

One of the holes in the wall of the stem 296 is denoted by reference numeral 302. It has been 
found advantageous that the holes begin a short distance (measured around the stem) after the 
helix has STARTED 296, and terminate a short distance (measured around the stem) before 
the helix finishes. 

In one arrangement, a circumferential length of approximately 15mm of unperforated stem 
wall exists at one end of the helix and approximately 40MM measured CIRA3MFERENSY 
of unperforated stem wall exists at the other end of the helix, in each case the length being 
measured from the adjacent end of the helix around the stem. 

Below the last turn of the helix, the stem 296 extends downwardly in the lower regions of the 
chamber 290 and terminates in a conical closure 304 which may also be apertured. 
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The rapidly moving dust particles will tend to fly out to the outer regions of the helix and 
continue down into the lower regions of the chamber 290. Thereafter they will pass down 
through the helix 48 and collect in the lower region of the small collection chamber above the 
non-return valve formed by the ball 241, and will be released into the collecting bin 214 at 
the end of the vacuuming session as described in relation to Figure 19. 

The air which passes through the small holes 302 and rises through the hollow interior of the 
stem 296 will be further depleted in terms of dust and dirt particles and will rise into the 
upper chamber 298 and be deflected by the downwardly extending conical end 306 at the 
lower end of the cylindrical tube 308 the upper end of which conmiunicates with the source 
of the vacuum (not shown), such as a motorise fan or turbine. 

Intermediate its ends, a helix 300 extends around the tube 308 and is a close fit within the 
cylindrical housing 298 in a similar way that the helix 294 occupies chamber 290. 

However no apertures are formed in the wall of the tube within the turns of the helix. 

Instead-a region 310 of the tube between the lower end of the helix and the downwardly 
facing conical closure 306 is formed with a perforated wall containing a large number of 
small apertures, one of which is denoted by reference 312. 

Air entering the chamber 298 will in part pass through the holes 312 and rise upwardly 
through the tube 308. The air which does circulate will tend to be that which is in the central 
region of the air stream which has not been significantly deflected by the effect of the 
downwardly deflecting cone 306. The effect of the cone has been found to introduce a further 
degree of separation in that particle laden air will tend to carry on in a straight line after being 
deflected by the cone and will tend to enter the helix 300 rather THAN change direction and 
enter the small holes 312 in the section 310. Once the particle laden air has entered the helix, 
it can only traverse the chamber 298 via the helix, and leave via exit 314 at the upper end of 
the chamber 298 from where it is returned to a second or return inlet 316 at the upper end of 
the chamber 290. There it entrains with the incoming air stream from inlet 292 and any dust 
particles remaining in the air stream will tend to be thrown out by THe circular motion of the 
air as it progresses down the helix 294 once again for collection as described in the small 
chamber below the helix 248, leaving clean air to pass through the apertures 302. 

Very high separation EFFICIENCIES have been achieved using apparatus such as shown in 
Figure 20. 

The lower end of the cage 239 shown in Figure 19 and in Figure 20, incorporates a level 
sensing device such as shown in Figure 21. As shown in Figures 19 and 20, the lower end of 
the cage 239 comprises a shallow angle frusto-conical housing and this is shown in more 
detail in cross-section in Figure 21. 

The interior of the frusto-conical housing 318 houses A MICROS WITCH 322 having an 
operating arm 324 which if depressed in an upward sense will change the state of the switch. 

A flexible membrane-diaphragm 326 extends across an opening in the underside of the 
housing 318. The diaphragm is held in place by a circlip or other retaining device 328 and is 
designed to be such that if the height of the heap of dust and dirt particles in the bin 214 
becomes such as to make contact with and press against the membrane-diaphragm 326, the 
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switch will be operated and the contacts will be closed (or opened as the case may be). 

An electrical connection such as 328 connects the switch contacts to a relay or contractor so 
that if the switch is operated, power is removed from the suction motor so that the apparatus 
ceases to function. A warning signal may be generated, either visibly or audibly to indicate to 
the user that the bin is now full and should be emptied before any further usage occurs. 

Although not shown, signal warning-means may be provided on the apparatus preferably of a 
visible nature to explain by way of a warning message or coded sign that the condition exists 
requiring the bin to be emptied. Typically this may comprise an LED display or a simple 
ELECTONWECHANICALLY moved vane which moves so as to display a differently 
coloured area of the vane in a window, eg a green region of the vane is now replaced by a red 
region indicating that the bin is full, once the MICROSWITCH is operated. 

Although described in relation to the Figures 19 and 20 embodiment, a level sensing device 
may also be incorporated, into either the inner or outer collector 250,252 of Figure 18. Where 
a warning signal is generated, in association with the Figure 18 arrangement, this 
conveniently indicates whether it is the inner or outer collecting bin which has become fall. 
In the alternative separator shown in Figure 22, particle laden air is sucked into inlet 374 
once a vacuum is established by operating a motor-driven vacuum producing fan/turbine 376. 
The incoming airflow is generally tangential to the wall of the cylindrical housing 378 and is 
thereby caused to form a circulating air mass around the. region 380, at the upper end of the 
housing. Centrally is located a cylindrical vortex inducer 382 which extends into a 
hemispherical shell 384 containing a large number of very small openings 386 through which 
air can pass. 

Below the surface 384 is located a similar but oppositely convexly curved shroud 388, which 
extends almost to the internal wall of the housing 378. Centrally of 382 and 384 a frusto- 
conical tubular surface 385 extends in an axially downward manner to communicate with an 
opening 390 in the centre of the shroud 384. A lightweight ball 392 which will normally 
occupy the lower end of housing 394, will, under the effect of a rising airflow through the 
housing 394, rise to engage and close off the opening 390 as shown in dotted outline at 
392&#x0;. 

The rapid circulation of air around 380 will tend to separate particles in the airstream from 
the air by virtue of centrifugal forces, so that the particles will migrate to the wall of the 
housing 378 and fall under gravity, past the shroud 388, into the particle collating region 396 
of the housing 378. The latter is in two parts, the upper part 380 and the lower part 396, and 
the latter has a handle 398 to assist in carrying it when full to be emptied. 

The VACUUM-SOURCE 376 inducing an airflow through 374, does so via the openings 
386, so that the incoming airflow will eventually change direction and pass through the 
openings 388 AND pass via the hollow interior of the shell 384 and vortex actuator 380 into 
a manifold 400 which has an exit at 401 from where the now largely particle-free air is 
conveyed via a pipe (not shown) to an inlet 402 of a further separation stage contained within 
a cylindrical housing 404 mounted axially above the housing 378 and manifold 400. The 
housing 404 includes A FIRST DOWNWARDLY ETENDING FRUSOCONICAL ASIAL 
EANSION 403 which leads to a second FCVSTO-CONICAL member 406. The interior of 
404 conmiunicates with the particle collecting bin 396 when the ball valve 390,392 is open, 
and the frusto-conical member 306 provides the frusto-conical surface 285 previously 
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referred to. 

Centrally of the housing 404 is a downwardly extending tube 408 the lower end of which is 
capped at 410, the cylindrical wall of the cap being APERTURED at 412. 

Above the cap 410 is a two-turn helical baffle 414 at the upper end of 404, circumferentially 
remote from 402 in a second inlet 416 to which particle-containing air from the third stage is 
returned. 

Although a helical baffle has been shown as required above the ball valve in Figure 20, it has 
been found that provided there is a sufficient distance between the underside of 410 and the 
opening 390 in Figure 22, no helical baffle is required in the Figure 22 ARRANGEMENT. 

The tube 408 serves as the air outlet from 404 and the airstream passing up through 408 is 
circularly deflected in all directions by a downwardly facing conical end 418 of A cylindrical 
closure of an axially extending tubular member 420 in a cylindrical housing 422. The 
cylindrical wall of the closure is apertured as at 424 to provide an exit from the interior of 
422, to the suction source 376. 

Particle-containing air from 408 tends to give up the particles as the air deflected in a radial 
sense on meeting the conical end face 418 abruptly changes direction, and returns in a radial 
sense towards the openings in the cap 418 as it meets the interior of the housing 422. 
Particles will tend to be drawn into the lower end of a three turn helix 426 and after 
traversing the helix the particles leave the housing 422 via exit 428 to be returned via a pipe 
(not shown) to inlet 416 in chamber 404, to mix with the incoming particle laden air from 
402, to be separated therefrom by once again travelling the helix 414 and the vortex 
travelling to and from the lower end of 406. 

SUBSTANFFALLY PANCLE FEEE air exits via the openings 424 through tube 420 to the 
suction source 376 and it is found that overall separation can be so effective that there is no 
need for any filter in the path through 420 to the source 376. 

As shown in Figure 23, the ball is freely contained within a cylindrical housing 394 the upper 
end 430 of which is sealingly secured to the lower open end of the shroud 384 of Figure 20. 
Radial protrusions 432,434 prevent the ball from falling through the lower open end of the 
housing 394-and as shown in Figure 24, four such radial protrusions are provided, 
432,434,436 and 438. Near the open upper end of the housing 394 is an annular protrusion 
440 which forms a valve seat which co-operates with the ball 392 to close off the passage of 
air through the opening 442 defined by the annular protrusions 240, when the ball is lifted (as 
by airflow in an upward sense) when vacuum is first applied to the system. 

Where the diameter of the ball 392 is somewhat less than that of the interior of the housing 
394, particles which collect above the ball 392 (when in its upper position shown at 392') can 
fall past the ball and out through the spaces such as 444,446,448 and 450, to exit the housing 
into the bin 396. 

A level sensing device (not shown) may be incorporated into the design of separator shown 
in Figures 22 to 24. 

The apparatus described herein may also be used for separating liquids (eg water) from gases 
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(eg air) since in general liquids are more dense than gases. If solid particles are also present, 
of material having a density greater than the gaseous and liquid phases, these can also be 
separated from the gaseous phase along with the liquid phase, and in a second pass through 
the apparatus or by passage through a second similar apparatus, the solids can be separated 
from the liquid phase, provided the relative densities are sufficiently different. 

In any situation where liquid is involved, a liquid trap or filter may be provided if the suction 
source would become contaminated or damaged by liquid reaching it, such as if it comprises 
a fan driven by an electric motor, or steps may be taken to separate any liquid from the 
motor. Alternatively a non-electric pump may be used which is not affected by the passage of 
liquid therethrough. 

Where a helix is shown in any of the drawings the angle of the helix is typically in the range 
2"T0 10" AND preferably of the order of 4^ 

Description Claims 



CLAIMS 1. A method of separating particles from particle laden air by means of a multiple 
stage separator in which the first stage comprises a generally cylindrical chamber having a 
hollow central member extending from one end axially thereof and which includes openings 
in the wall of the central member remote from the said one end, wherein the first stage 
separation is achieved by: 1) introducing air tangentially into the chamber near the said one 
end thereof, the tangential entry in combination with an unapertured region of the wall of the 
central member establishing a rotating mass of air in the chamber, thereby causing heavier 
than air particles to migrate to the outer regions of the chamber under centrifugal force; 2) 
establishing an axial migration of the rotating mass of air by applying suction to the interior 
of the central member to cause an axial movement of air through the chamber before it can 
exit through the openings in the wall of the central member; and 3) selecting the suction force 
such that particles near the walls of the chamber will tend to continue in a generally 
rotational and axially progressive path into a particle collecting region of the chamber, while 
relatively particle-free air will be drawn radially inwardly, as it progresses axially, so as to 
exit to a second separation stage, through the openings in the central member wall. 

2. A MULTI-STAGE PARTICLE/AIR separator for performing the method of claim 1 
comprising: (1) a first stage comprising a cylindrical chamber, from one end of which 
internally extends a central member having openings in the wall thereof remote from the said 
one end; (2) an air inlet in the chamber wall by which particle laden air enters the chamber 
tangentially near the said one end thereof ; (3) a second DUST/AIR separation stage to which 
air from the first stage chamber can pass via the openings in the wall of the central member; 
(4) suction means for inducing air flow from the first stage to the second stage; (5) a particle 
collecting region at the end of the chamber remote from the said one end, into which the 
particles migrate as a result of being separated from the air passing into the central member; 
(6) an unapertured part of the wall of the central member adjacent the said one end of the 
chamber defining an annular region in the chamber, adjacent the air inlet thereto; (7) the 
cylindrical region of the central member and the incoming tangential airstream combining to 
initiate a vortex within the chamber, so that incoming air is formed into a rotating mass of air 
in the chamber at the said one end thereof whereby centrifugal force causes heavier than air 
particles in the incoming air to migrate to the outer regions of the chamber, the suction 
causing axial migration of the rotating mass of air from the said one end of the chamber 
towards the other end thereof; (8) the suction force being selected so that heavier than air 
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particles will tend to remain in the radially outer regions of the chamber near the wall of the 
chamber as they progress rotationally and axially along the chamber towards the particle 
collecting region while relatively particle free air will migrate radially inwardly to exit 
through the openings in the wall of the central member. 

3. Apparatus as claimed in claim 2 wherein a skirt extends from the end of the central 
member beyond the region containing the openings in the wall thereof, to define a narrow 
annular gap between the skirt and the wall of the chamber, so that particles in the dust 
collecting region which due to turbulence may rise up in the region towards the central 
member, are prevented from reaching the openings therein unless they migrate radially 
outwardly to pass through the narrow annular gap against the flow of the incoming particles. 

4. Apparatus as claimed in claim 3 wherein an annular flange is provided around the central 
member between the unapertured and apertured regions of the wall thereof, so as to force the 
vortex of rotating air within the chamber away from the central member as it progresses 
along the chamber. 

5. Apparatus as claimed in any of claims 2 to 4 wherein particles separated in a later 
separation stage are conveyed to a particle collecting region via a passage extending through 
the central member of the first stage. 

6. Apparatus as claimed in claim 5 in which the passage conmiunicates with the particle 
collecting region, of the cylindrical chamber of the first stage via valve means which is 
closed during air flow through the apparatus, and is opened after air flow ceases to allow 
particles collected upstream of the valve to pass into ttie particle collecting region of the 
chamber of the first stage. 

7. Apparatus as claimed in claim 6 in which the valve means is a ball valve and wherein the 
ball is lifted to close the valve by airflow established through the apparatus by the suction 
effect. 

8. Apparatus as claimed in claim 7 wherein the axial distance between the exit end of the 
passage in the central member and the ball, when the valve is closed, is of the order of 
52mm. 

9. Apparatus as claimed in claim 6 in which the valve means includes a closure member 
which is held in an open condition by spring means. 

10. Apparatus as claimed in the claim 9 in which the closure member is a poppet so as to 
reduce the axial length of the valve housing. 

11. Apparatus as claimed in claim 10 in which the poppet includes a flat plate which moves 
nearer to and further away from the exit end of the central passage as the poppet moves 
between its closed and open positions. 

12. Apparatus as claimed in claim wherein 1 1 the distance between the plate and the exit end 
of the central passage, when the valve is closed, is of the order of 4mm 13. Apparatus as 
claimed in claim 5 in which the passage communicates with a particle collecting region, 
which is separate from the first stage particle collecting region, so that particles separated by 
the first stage are collected separately from particles separated by the later stage, of the 
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multiple stage separator. 

14. Apparatus as claimed in claim 13 wherein the separate particle collecting region is 
formed by a tubular member extending centrally of the chamber from the lower end of the 
said central member towards and sealingly engaging with the far end of the chamber, so as to 
define with the wall of the far end of the chamber an annular region which comprises the 
particle collecting region of the first stage, and a separate inner region for collecting particles 
from the later stage. 

15. Apparatus as claimed in claim 14 wherein the tubular member is separable from the end 
wall of the chamber. 

16. Apparatus as claimed in claim 14 or 15 wherein the cylindrical chamber is formed in two 
parts, a first part comprising a cylindrical region surrounding the central member and 
extending axially substantially to the same extent as the said central member, and a second 
part which can be sealingly joined to and in axial alignment with the first part to form an 
enclosure and which includes a closed end which is engaged by the free end of the tubular 
member to form the separate dust collecting chamber. 

17. Apparatus as claimed in any of claims 2 to 16 wherein a passage extends through the 
central member from the openings in the wall thereof to an entrance in a second cylindrical 
chamber forming part of a second separation stage, through which air and any particles 
remaining therein pass from the first stage to the second stage enter. 

18. Apparatus as claimed in claim 17 wherein the second cylindrical chamber is located 
downstream of the first chamber and is situated beyond the said one end of the first chamber, 
remote from the dust collecting region of the latter. 

19. Apparatus as claimed in claim 18 wherein the entrance in the second cylindrical chamber 
causes air to enter the chamber tangentially and the chamber includes a hollow central 
member which extends axially thereof over at least part of its length from the end thereof 
furthest from the first chamber. 

20. Apparatus as claimed in claim 19 or 20 wherein the free end of the hollow central 
member includes at least one opening therein to provide an outlet for air and any remaining 
particles to exit from the second chamber. 

21. Apparatus as claimed in claim 19 or 20 wherein the free end of the hollow central 
member is closed but the wall of the central member has apertures therein through which air 
and any remaining particles can exit from the said second chamber. 22. Apparatus as claimed 
in claim 19,20 or 21 wherein the central member comprises a vortex initiator for air entering 
the said second chamber. 

23. Apparatus as claimed in any of claims 19 to 22 wherein the entrance to the second 
chamber is near the end thereof which is furthest from the fist chamber. 

24. Apparatus as claimed in any of claims 19 to 23 wherein a helical flange protrudes from 
the central member, thereby forcing circulating air in the second chamber to describe a 
helical path as it passes from one end of the chamber towards the other. 
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25. Apparatus as claimed in claim 23 or 24 in which the helical flange comprises less than 
one complete turn, or one complete turn, more than one turn or a plurality of complete turns. 

26. Apparatus as claimed in any of claims 19 to 25 wherein a rotatable turbine is located in 
the second chamber for rotation about the chamber axis, and the blades of the turbine are 
aligned relative to the entrance in the second chamber so that the incoming tangential 
airstream produces rotation thereof. 

27. Apparatus as claimed in claim 26, wherein the turbine comprises at least two sections 
which are axially spaced with the blades of one section out of phase with the blades of the 
other. 

28. Apparatus as claimed in claim 26 or 27, wherein the turbine is secured to the said hollow 
central member, and the latter is rotatable within the second chamber. 

29. Apparatus as claimed in any of the preceding claims 18 to 28, wherein the said second 
chamber includes a first generally cylindrical region and a second region extending therefrom 
which is frusto conical and whose diameter progressively reduces from that of the cylindrical 
region in a direction away therefrom. 30. Apparatus as claimed in claim 29 wherein the 
included angle of the cone of which the frusto conical surface forms part, lies in the range 
100-140 degrees preferably 120 degrees. 

31. Apparatus as claimed in claim 29 or 30 wherein the second chamber includes a third 
region extedning beyond the first frusto conical region, which is also frusto conical, but in 
which the diameter progressively reduces more slowly with axial distance from the 
cylindrical region than does the diameter of the first frusto conical region. 

32. Apparatus as claimed in any of claims 2 to 31 which further includes a third stage located 
downstream from the second stage, for separating any particles remaining in the airstream 
which passes from the second stage to the third stage. 

33. Apparatus as claimed in claim 33 wherein the central passage of the second stage 
communicates with the third stage to allow air to pass into the third stage from the second 
stage. 

34. Apparatus as claimed in the claim 33 in which the third stage is a generally cylindrical 
chamber. 

35. Apparatus as claimed in claim 33 or 34 wherein air enters the third stage generally 
centrally of one end of the chamber 36. Apparatus as claimed in claim 35 in which the third 
stage includes a hollow central member and has a first outlet in the wall of the central 
member and a second outlet in the wall of the chamber, and a deflector is provided in the 
third stage to cause air entering the chamber to move radially outwardly so that any particles 
remaining in the air stream are radially displaced away from the centre of the chamber and 
axially away from the first outlet, in a direction to enter the second outlet. 

37. Apparatus as claimed in claim 36 wherein the deflector comprises a conical lower end of 
the central member in the third stage, whose apex points towards the incoming airstream. 

38. Apparatus as claimed in claim 35,36 or 37 wherein a helix extends around the central 
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member to introduce rotational and axial movement of the airflow through the third stage and 
the second outlet is located axially beyond the exit end of the helix. 

39. Apparatus as claimed in any of claims 36 to 38 wherein the first outlet comprises a 
plurality of small openings in the wall of the central member in the third stage. 

40. Apparatus as claimed in claims 33,34 or 35 in so far as they depend from claims 26, 27 or 
28 wherein the third stage includes a hollow rotary central member driven by the turbine in 
the second stage for imparting rotational motion to the incoming air stream entering the third 
stage and thereby causing particles remaining in the air entering the third stage to migrate 
outwardly under centrifugal force, and a second outlet in the third stage is located so as to 
collect any such particles for return to an earlier separation stage, and a first outlet is located 
at the opposite end of the chamber from the end in which the incoming air enters, so that 
after being rotated the air has to change direction and move axially through the chamber 
before it can leave via the first outlet. 

41. Apparatus as claimed in any of claims 36 to 40 in which the second outlet communicates 
via a passage with a second inlet in the wall of the second stage chamber. 

42. Apparatus as claimed in claim 41 wherein the second outlet in the second stage wall 
causes air entering the second stage chamber to do so tangentially of the chamber and in the 
same direction as the air is rotating in the second stage chamber. 

43. Apparatus as claimed in claim 41 wherein the rotation of the air in the second chamber 
generates a suction effect at the second inlet supplied with air from the third chamber, the 
suction effect being at least as great as, and preferably greater than, the suction effect at the 
said first outlet in the third stage. 

44. Apparatus as claimed in any of claims 36 to 43 wherein an apertured sleeve or gauze 
surrounds at least part of the central member in the third stage to reduce the chance of 
particles which have been deflected therethrough from returning to leave the third stage 
chamber via the first outlet. 

45. Apparatus as claimed in any of claims 2 to 44 further including level detection means in a 
particle collecting region to initiate an alarm in the event that the particles collected therein 
exceed a given volume. 

46. Apparatus constructed arranged and adapted to operate substantially as herein described 
or as illustrated and described with reference to the accompanying drawings. 

47. A method of separating particles from particle-laden air substantially as herein described 
or as illustrated and described with reference to the accompanying drawings. 
Description Claims 
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